CHAPTER 10

PERSONAL PROTECTI VE EQUI PMENT AND
CHEM CAL PROTECTI VE CLOTH NG

1. CGENERAL. Wien occupational safety and heal th hazards cannot
be elimnated or reduced through engineering controls or
adm nistrative procedures, the wuse of personal protective
equi pnent (PPE) is mandatory. This chapter contains guidance on
the selection, effective use and care of the PPE that you may
recommend for enployees. This includes (1) chemi cal protective
clothing (CPC), which enconpasses gloves, aprons, coveralls,
pants, jackets, and boots, and (2) eye/face protection, including
goggl es, glasses and face shields. Respiratory protection is
covered in Chapter 9 of this manual; hearing protection is
addressed in Chapter 4. The guidance in this chapter does not
apply to equipnent intended specifically for chem cal/biol ogi cal
war f are def ence.

2. RESPONSI BI LI TI ES. Per Chapter 20 of Reference 10-1, the
Commandi ng O ficer/ O ficer-in-Charge is responsible for ensuring
that PPE and CPC is available, maintained and properly used by
enpl oyees. Personnel nust be trained in the selection, use,
I nspecti on, and care of required equipnent. | ndustri al
hygi enists should determne the need for PPE and provide
reconmmendations regarding its selection during routine industrial
hygi ene surveys and upon request from custonmer comrands.

3. USE AND SELECTI ON OF PPE.

a. Use PPE when:

(1) O her control neasures are not adequate. CAUTI ON:
PPE should NEVER be used as a substitute for engineering or
adm nistrative controls. PPE is always considered the LAST LINE
OF DEFENSE.

(2) The nature of hazard or degree of exposure cannot be
determ ned, such as during energency response (spills, etc.) or
confined space entry.

(3) Navy Cccupational Safety and Health exposure limts
are exceeded.

b. PPE is selected based on the nature of the hazard,
route(s) of entry for the stressors and the degree of protection
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that a particular piece of equipnment affords wunder varying
condi tions.

C. If there are selection options available, additional
considerations nmay include user acceptability and ease of using
t he PPE.

4, EYE/ FACE PROTECTI ON. Ref erences 10-2 and 10-3 address
design, construction, testing and use of eye and face protection.
Reference 10-2 |ists appropriate eye protection for specific work
oper ati ons and t asks. Dependi ng on t he operati on,
faceshields/helmets my be required in addition to safety
gl asses/ goggl es.

a. Safety glasses protect eyes from foreign bodies.
Prescription safety |enses are avail able. Safety glasses wth
si deshi el ds provi de i ncreased protection.

b. Faceshields protect the whole face from foreign debris
and liquid spl ashes. However, liquid may pass around the edges
of the faceshield and still contact the wearer’s face.

C. Fl exi bl e goggles give frontal and side protection and
will fit over regular glasses. The ventilation openings are
drilled straight through the goggle and will allow easy passage
of |iquids.

d. Chem cal splash goggles with covered ventil ation openi ngs
protect eyes agai nst sprays and spl ashes of chem cals.

e. Wl ding helnmets protect the eyes and face against arc
rays, weld sparks and splatters. Wel di ng goggl es protect eyes
only. In sone instances ultraviolet radiation has been reflected

of f workroom surfaces behind the worker and inside the hel net
fromthe rear. New technology welding helnmets are available with
| enses that al nost instantaneously darken when an arc is struck.

5. CHEM CAL PROTECTI VE CLOTHI NG ( CPC).

a. CPC is a subset of PPE and includes all itens of
protective clothing whose main purpose is to provide skin
protection agai nst chem cal, physical, and/or biol ogical hazards.
CPC i ncl udes gl oves, aprons, coveralls, jackets, pants and boots.

b. Many stressors pose "invisible" hazards and offer no
war ni ng properties. Unfortunately, no single conbination of
protective equipnment and clothing can protect against all
hazar ds. Therefore, CPC should be used with other protective

net hods, such as engineering controls, to limt exposure.
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C. Using CPC can itself create hazards to the wearer, such
as heat stress, physical and psychological stress, inpaired
vision and restricted nobility and communi cati on. I n general
the greater the level of CPC, the greater the associated risks.
For any given situation, CPC should be selected that provides an
adequate | evel of protection. Over-protection may cause its own
hazardous situation and shoul d be avoi ded.

d. CPC nmust be worn whenever there are potential hazards
arising from direct exposure. Some exanpl es include energency
response; equi pnent |eaks or failures; chem cal baths and other
treatment processes; hazardous waste site clean up and di sposal;
asbestos renoval and other particul ate operations; and pesticide
appl i cation.

6. CPC CLASSI FI CATION. CPC can be classified by:

a. Design - Categorizing CPC by design is a neans of
descri bing what areas of the body the clothing itemis intended
to protect. This includes gloves, boots, coveralls, aprons and
full body suits. Ref erences 10-4 and 10-5 have nore detailed

i nf ormati on.

b. Performance - CPC may be classified by its ability to
provi de protection. This may be further divided into particulate
protection, liquid or splash protection, vapor protection, and/or
protection agai nst heat/col d. Combi nations of the physical and
chem cal attributes of the stressor(s) nust be considered.

c. Service life - This is an end user decision depending on
the cost and risks associated with clothing decontanm nation and

reuse. CPC may be | abeled as reusable (rmultiple wearings) or
di sposabl e (one-tine use). Di sposable clothing is generally
| i ghtwei ght and i nexpensive. Reusable clothing is often nore

rugged, but also nore costly.

(1) Extensive contam nation of any garnent may render it
di sposabl e. The basis of this classification really depends on
the cost involved in purchasing, naintaining, and reusing CPC
versus the alternative of disposal foll ow ng exposure.

(2) The key assunption in this determnation is that the
garnment will provide an effective barrier during and after
exposure and can be effectively decontam nat ed.

7. WORKSI TE CHARACTERI ZATI ON.

a. As required by Reference 10-3, the inportance of
characterizing the workplace or process before recomrending
appropriate CPC cannot be over-enphasized. This nay be done as a
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pl an review before the first piece of equipnment is installed, as
a process change or when there is a change in the use of
hazardous materi al s. It may even cone after worker conplaints.
Ref erences 10-4 through 10-9 provide further information on
wor ksite characterization

b. Physical conditions of the worksite - Chem cal exposures
can happen i ndoors or outdoors. The environnment nay be hot, cold
or noder at e. The exposure site may present physical hazards.
Chem cal handling activities my involve entering confined
spaces, heavy lifting, clinbing a ladder or crawling on the
gr ound. The choice of ensenble conponents mnust allow for
adequate nmobility and dexterity.

C. Chem cal hazard - Chemcals my be toxic, corrosive,
fl ammabl e, reactive, oxygen deficient or any conbination of
these. Consider the following: What is the concentration of the
chemcal in use? \Wat are the consequences of skin exposure?
Are there known significant toxic doses, chronic hazards or
reported fatalities by skin absorption? Is the chem cal an
allergic sensitizer?

d. Physical condition of the hazard:

(1) Solids or particulates - Porous CPC mnimzes heat
stress, but nust also be able to block particul ates.

(2) Liquids and/or vapors - CPC material nust be non-
porous for protection against |iquids. Breathable (i.e.
m croporous) naterials may be used for splash protection.

e. Duration of exposure - The protective qualities of
ensenbl e conponents may be limted to certain exposure |evels
(i.e., material chem cal resistance). Assune the worst case
exposure and the maximum tine that CPC will be worn so that

safety margins can be applied to increase the protection
avai l able to the worker.

f. Some operations wll require CPC wthout a site
characteri zation. Exanples include investigating hazardous
mat eri al i nci dents, firefighting/rescue oper ati ons, spi |

mtigation and operations that have been fully characterized and
are not expected to change despite where the operations take
pl ace.

8. THE CPC ENSEMBLE

a. A variety of clothing and equi pnent nust be available to
wor kers to handl e a broad range of chem cal exposures. Further
havi ng several sizes of CPC wll help elimnate dangers from
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clothing that is too |oose (possible trip hazard; |oss of
dexterity) or too tight (loss of notion range from binding; tears
in clothing).

The approach in selecting CPC nust enconpass an "ensenble" of
clothing and equipnent itens that are easily integrated to
provide both an appropriate |evel of protection and still allow
one to carry out activities involving direct exposure.

b. Factors that affect the use of ensenble conponents
i ncl ude:

(1) How each itemfits the integration of other ensenble
conponents. Sonme ensenbl e conponents may be inconpati bl e because
of how they are worn. For exanple, sone SCBAs may not fit in a
particular chem cal protective suit or may not allow acceptable
mobi lity.

(2) The ease of interfacing ensenble conponents wthout
sacrificing required performance (e.g., a poorly fitting
overglove greatly reduces wearer dexterity).

(3) Limting the nunber of equipnent itens to reduce
donning tine and conpl exity.

(4) Ensenble design or configuration alone is not
sufficient to ensure adequate protection. The performance of the
sel ected cl ot hing or equi pnment nmust al so be known.

c. Level of protection - The type of equi pnent used and the
overall |evel of protection should be reevaluated periodically as
t he amount of information about the chem cal situation or process
i ncreases, and when workers are required to do different tasks.
Per sonnel shoul d upgrade or downgrade their |evel of protection
only with the concurrence with the safety officer or industrial
hygi eni st . See References 10-5 and 10-7 for nore detailed
i nformation.

9. CHEM CAL RESI STANCE OF CPC. The ability of CPC to act as a
chem cal barrier is determned by the CPC materi al and the net hod

of construction. Usual |y, each chem cal interacts with a given
plastic or elastonmer differently so there is a unique situation
for each chemcal/CPC material pair. | deally, the chosen

material (s) nust be based on:

a. Perneation - the process by which a chemcal noves
through a naterial on a nol ecul ar basis.

(1) Perneation rate - wusually expressed in ternms of
anount of chem cal which passes through a given area per unit
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time ( g/cn?/nin). The total amount of chem cal perneating a CPC
material is dependent on the area exposed and the duration of
exposure. For a given chem cal/CPC material pair, the perneation
rate decreases as the material thickness increases.

(2) Breakthrough tine - the elapsed tine fromthe initial
contact of the chemcal with the outside surface of the CPC
material to the first detection of the chemical on the inside
surface of the material. There nmay be situations where
breakt hrough times are longer in one chemcal/CPC pair than
another, yet the material wth shorter breakthrough tinme is
reconmended because its perneation rate is very snall when
conpared to the chemcal/CPC nmaterial pair wth the |ong
br eakt hrough ti ne. On the other hand, breakthrough tinme may be
the nost inportant criterion when the chemcal is a carcinogen
and no skin contact is desired.

b. Degradation - physical changes in a material as the
result of a chem cal/physical exposure or use. The nopst comon
observation of material degradation is discoloration, swelling,
| oss of physical strength, or deterioration.

C. Penetration - the gross novenent of a chem cal through
zi ppers, seans, or inperfections in CPC materi al .

d. Chemcal mxtures - can be significantly nore aggressive
toward materials than any single chem cal alone. One chem ca
may pull another with it through the nmaterial; another nmay change
the CPC material structure and allow greater diffusion of other
chemcals. Very little data is available for chem cal m xtures,
and serious consideration nust be given to deciding which CPCis
sel ect ed. If clothing nust be used wthout test data, then
garnents with materials having the broadest chem cal resistance
shoul d be worn.

10. PHYSI CAL RESI STANCE OF CPC. CPC garnments offer a w de range
of physical qualities in terns of strength, resistance to
physi cal hazar ds, and operation in extrene environnental
conditions. Assess a garnent’s physical properties by asking:

a. WIIl the garnent resist tears, punctures, cuts, and
abr asi ons?

b. W1 I the garment wthstand repeated use after
contanm nati on and decont anm nati on?

C. Is the garnment flexible enough to allow end users to
perform needed tasks?
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d. WIl the material nmaintain its protective integrity and
flexibility under hot and cold tenperature extrenes?

e. Is the garnent flane resistant or self-extinguishing if
necessary?

f. Are garnment seans constructed so they provide the sane
physical integrity as the garnent material ?

11. SELECTI ON OF CPC.

a. Selection of CPC is a conplex task and nust be perforned
by personnel with appropriate training and experience. Under al
conditions, clothing should be selected by evaluating its
performance characteristics against the requirenents and
limtations inposed by the application. Unfortunately, one nust
often estimate CPC performance w thout the benefit of test data,
especially when dealing with protection for chem cal m xtures.
Some gui ding principles for selecting CPC fol |l ow

(1) Chemcals from the sane famly (alcohols, prinmary
am nes, al kanes, al dehydes, etc.) will tend to perneate a given
CPC material at simlar rates with simlar breakthrough tines.

(2) Pernmeation rate is inversely proportional to
nol ecul ar weight within the sanme famly.

(3) Attached groups (which increase the nolecul ar size)
tend to slow perneation relative to the sinple nol ecule.

(4) Polar chemicals tend to perneate polar material nore
rapidly than non-polar chem cals and vice versa. For exanpl e,
wat er perneates polyvinyl alcohol very quickly, but perneates
rubber slowy.

(5 Also consider effects of material thickness and
effects of tenperature extrenes.

b. Sources of selection information include:

(1) Vendor data or recomrendati ons. The best source of
current information on material conpatibility should be avail abl e
from the manufacturer of the selected CPC. Many vendors supply
charts that show actual test data or their recommendations for
specific chem cals. However, use caution when interpreting this
information, particularly if vendor data are not well docunented.
Material recommendations nust be based on data obtained from
tests perfornmed in accordance with Anmerican Society for Testing
Materials (ASTM nethods. Sinple ratings of "poor", "good",

10-7



or "excellent” do not quantitate the material’s performnce
agai nst various chem cal s.

(2) Reference 10-8 provides chem cal resistance data and
recommendations for eleven generic naterials against over 400
chem cal s. The guide 1is <color-coded by nmaterial-chemca
reconmendat i on. The major |imtation of this reference is its
dependence on generic dat a.

(3) References 10-9 through 10-13 are excellent sources
of CPC product information.

(4) Nl OSH provi des per sonal protective equipnent
recommendati ons for hazardous chemicals on their web site at
http:/77ww. cdc. gov/ni osh/ncpc/ncpcl. hinjentitled “Recommendati ons
for Protective othing, A Conpanion to the NI OSH Pocket Guide to
Chem cal Hazards”.

12. VEARI NG CPC.

a. Establish routine procedures for donning and doffing
various ensenble configurations. Practice periodically.

b. Plan for providing donning and doffing assistance if
ensenbles are cunbersone or if solo efforts increase the
possibility of ensenbl e damage.

cC. Once equipnment is donned, evaluate its fit. If the
clothing is too snmall, it will restrict novenent, increasing the
i kelihood of tearing the material and accelerating wearer
fatigue. Cothing that is too large increases the possibility of
snagging the material and may hanper the wearer’s dexterity and
coordi nati on.

d. Doffing procedures should focus on preventing contam nant
mgration from the work site and ensuring that contam nants do
not transfer to the wearer’s body, to other personnel or to the

envi rons. When necessary, doffing should be done after
decontam nation or in a nanner to reduce contam nation to the
wearer . If this requires a suitably attired assistant, both

wearer and assistant should avoid any direct contact with the
out si de surface of the clothing.

13. DECONTAM NATI ON.

a. Decontam nati on renobves or neutralizes contanm nants that
have accumulated on CPC, personnel and equipnent. Pr oper
decont am nati on does the follow ng:
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(1) Protects end users from hazardous substances that may
contamnate and eventually perneate the CPC, respiratory
equi pnent, tools, vehicles or other equipnent used at or near the
hazard area.

(2) Protects the community and site personnel by
m nimzing the transfer of contam nants into clean areas.

b. Things to consider during decontam nation procedures:

(1) I's the CPC adversely affected by the decontam nation?
The physical or chem cal resistance nay be affected by heat or
chem cals used to clean the CPC

(2) Is the decontam nation process effective? There is
sone indication that volatile, small npolecule chemcals may be
successfully renoved from the CPC wth the use of heat. No
standard nethod is available to determ ne whether a product is
decont am nat ed.

(3) Can the decontam nation process cause exposure? Any
chem cals used in the process nust be evaluated to ensure they do
not result in unacceptable exposures, either during the
decont am nati on process or when the CPC is reused.

c. For nore detailed informati on on CPC decont am nati on, see
Ref erences 10-5 through 10-7 and 10-14.

14. PPE/ CPC | NSPECTI ON.

a. The PPE user nust take all necessary steps to ensure that
the protective ensenble wll perform as expected. Enmer genci es
are not the right time to discover problens! Following a
standard program for i nspecting protective equipnent and
realizing its limtations are the best ways to avoid exposure
during PPE use. Reference 10-4 provides guidelines for
i nspecting CPC. Appendi x A of Reference 10-6 lists procedures
for inspecting fully encapsulating suits. Additional inspection
informati on may be avail able fromthe PPE nmanufacturer.

b. An effective CPC inspection program features:

(1) Inspection and operational testing of equipnent as
received fromthe factory or distributor;

(2) Inspection of equipnent as it is selected for a
particul ar chem cal operation;

(3) Inspection of equipnent after use or training and
prior to maintenance;
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(4) Periodic inspection of stored equi pnent; and

(5) Periodic inspection when questions arise about the
appropriateness of the selected equi pnent, or when problenms wth
simlar equi pnent are discovered.

15. STORAGE. All PPE nust be stored properly to prevent danage
or malfunction from exposure to dust, noisture, sunlight,
damagi ng chem cals, extrene tenperatures, and i npact. Some
gui delines for storage include:

a. Potentially contam nated clothing or equipnent should be
stored separately fromstreet clothing and unused PPE.

b. Potentially contam nated PPE should be stored in a well-
ventilated area, with good air flow around each item

C. Different types and materials of CPC should be stored
separately to prevent issuing the wong nmaterial by m stake
(i.e., many glove materials are black and cannot be identified by
appear ance al one).

d. To help avoid PPE failure frominproper storage, fold or
hang cl ot hi ng accordi ng to manufacturer instructions.

16. HEAT STRESS.

a. Wearing full body PPE puts the wearer at considerable
risk for heat stress. This can result in health effects ranging
fromtransient heat fatigue to serious illness or death.

b. Heat stress is caused by several interacting factors,

i ncluding environnmental conditions, type of protective ensenble
worn, work activity required and physical condition of the
wear er .

C. When selecting protective clothing and equi pnent, each
items benefit should be carefully evaluated for its potential
for increasing the risk of heat stress. For exanple, choose a
lighter, less insulating suit if it can be wrn wthout
sacrificing protection. For nore information on heat stress,
consult Reference 10-15.

17. TRAINNNG  Training is required by Reference 10-3 and nust
be provided to each enpl oyee who is required to wear PPE

a. Training should include at |east the foll ow ng:

(1) When to wear PPE;
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(2) What PPE to wear;
(3) How to don, doff, adjust, and wear PPE;
(4) What are the capabilities and limtations of the PPE;
(5) How to properly maintain PPE;, and
(6) Wien and how to di spose of PPE.
b. Enpl oyees nust denonstrate know edge of the training
specified above and the ability to use PPE properly before being

allowed to performwork requiring the use of PPE

C. Training is required annually or whenever any of the
foll ow ng situations occur:

(1) Workplace operations change such that previous PPE or
training i s obsol ete.

(2) Enpl oyees denonstrate that they do not understand the
trai ning they received.

d. Witten records of training nmust include the enpl oyees
nane, date(s) of training, and training topics.

e. Depending on the actual use or application of the PPE CPC
itens, consult References 10-3, 10-6 and 10-16.
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